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Modification  of  red  cells  with  lactose  solution,  removal  of  the  modifying  agent, 
and  freezing  in  Teflon  containers  with  the  addition  of  low  molecular  weight  dextran 
results  In  the  recovery  of  98.57.  of  the  red  cells;  when  albumin  is  used  the  recovery 
rate  of  red  cells  is  98.577..  A  mean  survival  of  69.97.  of  red  cells  has  been  obtained 
24  hours  post transfusion,  when  dextran  was  used  as  the  additive  after  modification 
with  lactose. 


Dimensional  changes,  stability  and  O2  dissociation  of  frozen  red  cells  arc  des¬ 
cribed;  the  relationship  of  the  mean  corpuscular  volume  to  survival  is  discussed. 

There  is  evidence  that  the  chromium  tag  of  red  cells,  frozen  with  the  addition 
of  lactose  followed  by  dextran.  Is  labile;  this  suggests  the  necessity  to  re-evaluate 
the  posttrans fusion  survival  of  red  cells,  frozen  with  the  present  technique,  with 
the  nonagglutinable  cell  method. 


NOTE:  Copies  of  this  report  are  filed  with  the  Armed  Services  Technical  Information 
Agency,  Arlington  Hall  Station,  Arlington  12,  Virginia,  and  may  be  obtained 
from  that  agency  by  qualified  investigators  working  under  Government  contract. 
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iirrRODucnoN 

-  / 

Addition  of  d«xtro80*lactoie  nixturei  to  whole  blood  has  been  ahown  to  exert 
a  protective  effect  on  erythrocytes  during  rapid  frceelng  and  storing  at  tesopera- 
tures  of  about  •93*C.,  rapid  thawing  and  transfusion  without  further  laodiflcatlon 
(1,  2).  Solutions  of  human  serum  albumin  and  of  dextran  of  different  molecular 
weights,  and  of  other  macromoleculir  substances,  have  also  been  found  to  be  highly 
effective  In  protecting  human  erythrocytes  against  the  damage  of  freetlng  and  thaw¬ 
ing  (3). 

In  the  present  work  we  have  studied  the  effect  of  albumin  and  dextran,  with 
and  without  previous  modification  with  lactose,  on  the  recovery  and  post transfusion 
survival  of  red  cells  subjected  to  rapid  freesing  and  thawings  Also  studied  was  the 
effect  of  ’’Teflon"  containers,  and  of  the  M.C.V.  of  the  erythrocytes. 

Potassium  loss,  stability,  dimensional  changes  and  O2  dissociation  of  frosen 
red  colls  were  determined;  the  complex  Interaction  of  lactose,  dextran  and  albumin 
and  the  effect  of  cooling  and  warming  velocities  are  discussed. 
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METHODS 

Collection  of  Blood 

Blood  collected  in  the  low  dextrose*  Isotonic  ACD  solution  (4)*  wss  used  within 
one  Lo  Lour  days  of  collection.  Tlie  ACD  blood  was  centrifuged  st  4*C.  at  SOOO  r.p.n. 
for  5  ulnutes;  enough  plasma  was  removed  to  obtain  an  hematocrit  of  approximately  80. 
This  material  was  mixed  prior  to  freezing  with  modifying  and  additive  solutions. 

Modifying  and  Additive  Solutions 

Lactose  as  modifying  agent  was  used  In  concentrations  from  5  to  15%  In  saline 
solution,  and  was  added  to  the  packed  red  cells  In  equal  volumes.  In  some  experiment 
this  mixture  was  frozen  and  thawed  without  further  changes  (1,2). 

The  packed  red  cclls-lactose  mixture  was  kept  at  room  tanperature  for  5  minutes, 
contrlfuged  at  4*C.  and  at  5000  r.p.m.  for  5  minutes.  Enough  supernatant  was  then 
removed  to  obtain  an  hematocrit  of  about  80. 

In  most  Instances  lactose  solutions  were  used  only  as  a  means  to  "modify"  the 
red  cells  prior  to  freezing  with  mocromoleculor  solutions:  albumin  or  dextran. 


^*The  formula  la: 

100  ml.  contains 

Trlsodlum  citrate,  dlhydrate  2.55  gm. 

Citric  acid,  monohydratc  0.80  gm. 

1 . 23  gm. 


63  ml.  contains 
1.6  gm. 

C.5  gm. 
0.756  gm. 


Dextrose,  anhydrous 
pH  5.0 


63  ml.  are  used  for  500  ml.  of  blood 


I 
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The  "albvunin"  used  was  Cilic  =';.oroal  serum  albumin  (human)  salt  poor"  processed 
by  E.  R.  Squibb  and  Company,  obtained  through  the  American  Red  Cross  as  a  25Z  aolu> 
tlon.  Albumin  vaa  made  isotonic  by  adding  5  ml.  of  177.  NaCl  to  100  ml.  of  25%  aolu- 
tlon.  The  albumin  solution  thus  obtained  (approximately  24%  concentration)  was  added 
to  the  red  cell  suspension.  Physiologic  sollne  solution  was  added  to  the  Isotonic 
24%  solution  when  lower  concentration  was  desired. 

Dextran,  molecular  weight  40,000,  obtained  from  the  Pharmachem  Corporation  of 
Bethlehem,  Pennsylvania,  as  a  30%  solution  In  saline,  was  diluted  with  .85%  sodium 
chloride  solution  to  obtain  the  desired  concentration.  All  solutions  were  sterilized 
by  heating  at  120*C.  for  30  minutes. 

The  amount  of  albumin  or  dextran  solution  odded  to  the  lactose  treated  red  cell 
■ass  is  calculated  to  result  In  a  final  hemotocrlt  of  about  25%. 

In  another  series  of  experiments  pocked  red  cells  were  mixed  with  albumin  or 
dextran  solutions  without  previous  treatment  with  lactose. 

Containers 

The  contslners  used  for  recovery  studies  were  of  a  variety  of  sizes  and  material 
For  screening  in  In  vitro  stiidles,  cylindrical  olumlntua  containers  were  used,  with  o 
thickness  of  approximately  0.25  mm.  Layers  of  blood  of  varying  thickness,  from  1.3 
3.2  mm.,  were  obtained  by  varying  the  volume  of  blood.  Flat  metal  containers  were 
used,  similar  to  those  previously  described  (1),  for  larger  quantities  of  blood.  Tht^ 
were  maintained  In  agitation  during  cooling  and  warming. 
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Containers  mode  of  "Teflon",  0.051  cn.  in  thickness, were  also  used.*  The  bags 
measured  10  x  30  cm.  and  were  held  in  a  metal  frame  to  maintain  a  layer  of  blood  of 
0.2  to  0.4  cm.  A  more  uniform  thickness  of  blood  was  obtained  by  using  channelled 
bags  (Figure  1)  or  bags  contained  between  two  fluted  copper  plates,  maintained  at 
proper  dlstarco.  Tlie  clood  in  Teflon  bags  was  frozen  by  iinnersion  in  a  coolant 
ihaintaiiKjd  in  very  active  motion. 

Freezing  and  Thawing 

Cooling  has  been  obtained  with  a  CO2  ice-ethanol  mixture  at  an  average  tempera¬ 
ture  of  -73*C. ;  with  Freon  11  cooled  with  liquid  nitrogen  to  a  temperature  of  -85  to 
-106*C.,  and  with  Freon  21,  cooled  to  a  temperature  of  -130*C.  with  liquid  nitrogen. 
Wlicn  liquid  nitrogexi  was  used  directly  as  the  coolant,  the  metal  containers  were 
coated  with  glycerol  and  methanol  followed  by  "Santocell",  (Monsanto  Chemicals)  (5). 

Thawing  was  invariably  carried  out  in  the  water  bath  at  40*C.  for  one  or  two 
minutes,  according  to  volume.  Motion  was  employed  only  with  metal  containers. 

When  frozen  blood  was  not  icnediatcly  thawed  for  use,  it  was  stored  at  -90*C. 

±  4. 

Recovery 

Measure  of  recovery  requires  the  measure  of  the  hematocrit,  of  the  total  hcnoglob>X'' 
and  of  the  supernatant: 


*0btaincd  from  the  DuPont  Company,  Wilmington,  Delaware 
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Meoture  of  free  hepoglobin.  Initially  the  Ireo  hemoglobin  wot  laeasured  by  a 
bar.sidlno  method  (6);  because  of  instability  of  the  reagent,  the  carbonate  method 
was  adopted,  using  the  Beckman  B  spectrophotometer.  Spectrol  analysis  demonstrated 
a  hemoglobin  peak  at  420  tau  x;ith  uinlmal  absorption  at  480  mu.  A  straight  line  was 
obtained  when  hemoglobin  concentrations  were  plotted  against  O.D.  in  the  range  from 
0.08  mg.  to  10.0  mg.  of  hamoglcbin  per  100  ml.  of  0.1%  carbonate  solution.  Inter¬ 
fering  substances  had  a  constant  absorption  from  420  to  480  uu.  They  could  thus  be 
eliminated  by  taking  the  readings  from  diluted  plasma  at  420  and  480  mu.: 

O.D.  420  nu.  —  O.D.  480  ou.  X  dilution  factor  ■  Hemoglobin  mg.% 

When  mixtures  of  hemoglobin  with  Ilpemic  (cloudy)  plasma  were  amde,  recoveries  of 
hemoglobin  renged  from  100  to  106%.  This  meant  that  hemoglobin  concentrations  as 
low  as  2  mg.%  could  be  measured  with  an  error  of  ±  6%. 


Measure  of  the  tiematocrlt,  hemoglobin  and  red  cell  count.  The  hematocrit  was 
measured  by  a  micro  method  previously  described  (7).  The  total  hemoglobin  was  deter- 
sdned  as  oxyhemoglobin  checked  with  the  red  cell  iron  content  and  O2  capacity.  The 
red  cells  were  counted  electronically  (Coulter  counter),  checked  daily  by  accurate 
choaiber  counting. 


Recovery  at  each  step  is  obtained  as  follows: 


100  —  hematocrit 
100 


X  supernatant  Hb.  gn./lOO  ml.  X  100 


Total  Hb.  gm./lOO  ml. 


Hb.  loss  %  of  total 


In  the  measurement  of  losses  of  red  cells  through  hemolysis  at  each  step  involv¬ 
ing  reauspenslon  of  red  cells,  carry  over  of  free  hemoglobin  from  one  suspension  to 
the  next  was  taken  into  considers tloiv.  The  amount  of  free  hemoglobin  carried  over 
Is  represented 
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ICO  —  hematocrit  X  froo  Hb,  % 

100 

Tills  amount  \;a8  subtracted  Trora  the  amount  ol  free  hemoglobin  mcasurccl  in  the 
successive  step  of  the  process.  In  this  manner  aclcilng  of  the  percent  hemoglobin  loss 
at  each  step  gives  a  true  value  for  the  total  henoglobin  loss  in  all  the  process, 
taking  the  initial  value  of  the  ACD  blood  as  1007..  However,  the  value  thus  obtained 
would  be  slightly  less  than  the  amount  of  hemoglobin  actually  present  in  the  super¬ 
natant  at  each  step.  The  actual  quantity  of  free  hemoglobin  present  in  the  material 
used  for  transfusion  is  of  considerable  importance,  and  it  has  been  measured. 

Survival 

For  the  measure  of  the  survival  of  transfused  red  cells,  a  measure  of  the 
Cell  volume  of  the  recipient  is  required  which  is  determined  Independently  of  the 
transfusion.  We  have  used  routinely  the  T-1824  dye  indirect  method,  as  previously 
described  (8). 

Expected  100%  specific  Total  counts  in  cells  to  be  transfused 
Activity  at  0  Time  Recipient's  red  cell  volume  (ml.) 

Observed  specific  activity  Counts /minute/ml.  whole  blood 

m  -  -  — - 

at  any  time  posttransfusion  Hematocrit 

Percentage  survival  100  X  observed  specific  activity 

at  any  time  posttransfusion  Expected  1007.  specific  activity 

at  0  time 
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The  measure  of  the  posttrons::uslon  survival  with  radiochromiuti^^  is  carried 
out  as  follows: 

One  hundred  ml.  of  ACD  blood,  not  over  24  hours  old,  were  centrifuged  in  a 
refrigerated  centrifuge,  plasma  v;a8  reciovoct  to  obtain  an  hematocrit  of  about  30,  and 
the  packed  red  cells  were  mixed  with  SOO  microcuries  of  high  specificity  Na2Cr^^04. 

The  total  amount  of  chromium  did  not  exceed  one  nicrogram/ml.  of  packed  red  culls. 

The  packed  red  cells  were  placed  in  a  water  bath  at  37'*C.  for  20  minutes;  the 
radioactivity  uptake  varied  from  93  tc  97%.  The  blood  was  then  froren  and  thawed 
as  described.  After  mixing,  10  ml.  of  blood  were  transfused  in  a  period  of  8  to  12 
seconds.  The  syringe  was  rinsed  once  by  aspirating  and  rc-injecting  2  or  3  ml.  of 
the  recipient's  blood.  The  remainder  of  the  tagged  blood  was  used  for  radioactivity 
standard  and  other  in  vitro  measurements. 

Samples  were  taken  at  1,  3,  5,  10  and  60  minutes,  and  at  24  hours  posttransfusioi'. 
In  many  instances  samples  were  .cken  on  subsequent  days,  to  determine  the  T  1/2.  Xh*' 
hematocrit  of  the  blood  transfused  and  of  each  sample  obtained  was  determined.  Raditr 
activity  was  determined  in  3  ml.  samples,  from  ^/hich  plasma  was  removed. 

All  experiments  were  auto transfusions  performed  in  healthy  young  subjects;  all 
but  one  were  males. 

02  Dissociation 

Samples  of  blood  were  equilibrated  in  a  rotating,  constant  water  vapor  pressure 
tonometer*  ot  37*C.  with  known  mixture  of  nitrogen  and  oxygen.  The  carbon  dioxide 
tension  was  kept  at  4^<  tn.  hemoglobin  and  the  oxygen  concentration  was  varied  by  muas:> 
of  two  flowmeters.** 

*  Obtained  from  Ins crumentation  Laboratory,  9  Galen  Street,  Boston  72,  Massachusetts 
**Fishcr-Porter  Company,  Warminster,  Pennsylvania. 
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Aft^r  equilibration  the  blood  sanples  were  «:ct»ved  from  the  tononcter  by  ocant 
of  a  built-in  syringe,  which  was  copped  inned lately.  An  aliquot  was  renoved  anaero¬ 
bically  by  injecting  the  blood  into  a  rubber  capped  van-Slyke  pipette  containing 
mineral  oil  and  used  for  the  determination  of  the  oxygen  content  and  saturation. 

The  blood  remaining  in  the  syringe  was  delivered  into  o  tensiometer*  for  the  direct 
determination  of  pH,  pC02  fli'.d  p02. 

Oxyhemoglobin  dissociation  curves  were  constructed  by  plotting  PO2  venous 
oxygen  sattiritio-.i  values  and  obtaining  a  best-fit  line. 

Measure  of  Relative  Viscosity 

The  measure  of  the  relative  viscosity  was  carried  out  by  a  method  previously 
described  (9). 

Sedimentation  Rato 

Thu  sedimentation  rate  was  measured  with  the  Cutler  method  (10). 

Pre  and  Post  Freezing  Agglutinability  of  Red  Cells 

Blood  was  drown  from  four  li.divlduals,  and  the  red  cells  from  a  portion  were 
modified  with  lactose  and  frozen  with  the  addition  of  dextrnn.  The  rod  cells,  after 
thawing,  were  resuspended  in  saline,  to  a  5-lOZ  concentration,  after  one  tc  three 
washings  xJith  saline.  Serial  titrations  were  done  by  the  sane  technicians,  with 
one  pipette.  For  the  albumin  titer,  three  drops  of  albumin  solution  were  added  to 
each  tube  after  incubation  and  prior  to  centrifugation.  The  same  vials  of  anti-A 

*Obtaincd  frore  Instrumentation  Laboratory,  9  Galen  Street,  Boston  72,  Massachusetts. 
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•erun*,  saline*  anti-D  scrun**,  and  slide  anti-D  serun**  %tere  used  throughout.  Control 
included  patient's  cells,  frozen  and  not  frozen,  versus  patient's  plasaa  in  saline 
and  alburnln. 

In  addition  to  the  standard  hand  procedure,  the  agglutlnabllity  of  frozen  and 
controlled  cells  vas  tested  with  the  "Autotechnicon"  apparatus,  the  amount  of 
agglutination  being  read  by  a  visible  and  point  and  by  a  point  at  which  507.  of  the 
cells  were  agglutinated. 


RESULTS 


General  Considerations 

The  process  of  preservation  of  red  cells  at  low  temperatures  may  involve  the 
following  steps  in  vitro:  collection  of  blood  in  an  anticoagulant;  centrifugation 
and  removal  of  plasma;  addition  of  a  modifying  agent,  followed  by  centrifugation  in 
most  cases,  removal  of  supernatant  and  mixing  with  an  additive;  freezing;  storing 
in  the  frozen  state;  thawing;  resuspension. 

For  the  purpose  of  this  paper,  the  term  "modifying  agent"  is  used  to  indicate 
a  substance  which  improveo  the  recovery  or  survival  of  red  colls  submitted  to  the 
process  of  freezing  and  thawing.  It  may,  or  may  not,  be  removed  and  replaced, before 
freezing,  by  an  additive  which  protects  the  red  cells  during  the  actual  process  of 
freezing  and  thawing. 

Each  of  these  procedures  induces  certain  biochemical  and  dimensional  changes 
in  the  red  cells,  and  may  result  in  damage  and  loss  •£  cells. 


*Fron  the  Philadelphia  Scrum  Exchange 
♦♦From  the  Dade  Company 


-10- 


The  losses  in  vitro  may  be  purely  mechanical,  such  as  in  the  removal  of  super¬ 
natant  fluid,  or  the  result  of  hemolysis.  The  mechanical  losses  in  the  process  of 
centrifugation  and  transfer  can  be  reduced  to  a  minimum  with  proper  technique,  and 
\/ill  not  be  reported  in  detail.  In  any  case,  they  need  not  exceed  0.1%.  Losses  by 
hemolysis  are  by  far  the  most  iiaportont,  since  they  generally  involve  damage  to 
remaining,  apparently  intact  cells.  Additionally,  large  amounts  of  free  hemoglobin 
may  be  detrimental  to  the  recipient  of  the  transfusion. 

Recovery 

Lactose  followed  by  dextran.  Packed  red  cells  with  on  hematocrit  of  85.5, 
obtained  from  ACD  blood,  were  submitted  to  the  action  of  5%  lactose,  followed  by 
centrifugation.  The  supernatant  was  removed,  leaving  packed  red  cells  with  an 
hematocrit  of  76.2,  to  which  20%  dextran  was  added,  the  resulting  red  cell  suspensied 
having  an  hematocrit  of  2A.S,  hcr.)oglobin  of  9*3  gm./lOO  ml.  Forty-five  ml.  of  this 
red  cells  suspension  were  frozen  at  -80*C.  in  a  Teflon  bog,  divided  into  three 
longitudinal  pockets  (sec  Figure  1).  In  all,  three  such  bags  were  used,  so  that 
nine  separate  units  from  the  same  original  loaterial  were  available  for  study.  The 
results  arc  shown  in  Table  I. 

This  procedure  resulted  in  suspensions  of  red  cells  which  were  used  for  study 
of  stability  (resuspensiun)  or  for  auto transfusion.  Tne  sum  of  the  percent  losses 
of  hemoglobin  at  each  step  represents  the  true  total  loss  of  hemoglobin  expressed 
in  percent  of  the  initial  hemoglobin  of  the  ACD  blood.  The  concentration  of  lactose 
may  vary  from  5  to  157.  without  appreciable  change  in  results.  Tlie  velocity  of  cool¬ 
ing  was  5. 1*C. /second,  the  coolant  bath  being  -G0*C. ;  the  velocity  of  warming  was 
8. 3*C. /second,  the  warming  bath  being  A0*C. 
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Lactose  followed  by  albumin.  TIxe  recovery  of  red  cella  waa  aiullarly  dctertalnec 
when  albunin  waa  uacd  aa  the  additive.  Packed  red  cella  with  an  hematocrit  of  87.8, 
obtained  from  ACD  blood, were  aubmlttad  to  the  action  of  15%  lactoae,  followed  by 
centrifugation.  The  aupematant  waa  removed,  with  a  reaultant  hematocrit  of  76.7; 
albunin  aolutlon  In  phyalologlcal  aallne  waa  added,  the  reaultlng  red  cell  aua- 
penalon  having  an  hematocrit  of  23.4,  hemoglobin  of  9.8  gm./lOO  nl.  The  frceslng 
waa  carried  out  exactly  aa  deacrlbed  for  the  dextran  treated  cella;  the  reaulta 
are  ahown  In  Table  II. 

Similar  reaulta  have  been  obtained  with  lactoae  concentratlona  of  5  and  10%; 
the  velocltlea  of  cooling  and  warming  were  the  aane  aa  uaed  In  the  previoue  experi¬ 
ment. 


Lactoee-Dextran  and  Lactocc-Albxnaln  Mlxturoa,  The  recovery  of  red  cella  after 
freeslng  and  thawing  waa  alnllarly  teated  when  the  red  cella  wore  added  to  a  aolu¬ 
tlon  containing  both  lactoae  (5%)  and  dextran  (20%)  In  phyalologlcal  aallne,  having 
in  view  the  poaalble  elimination  of  one  atep. 

Aa  aeen  from  Table  III  the  rate  of  recovery  la  ali^tly  but  algniflcantly 
higher  than  obtained  with  the  red  cella  treated  aeparataly  with  lactoae  followed 
by  dextran.  Very  aimllar  reaulta  were  obtained  when  packed  rod  cella  were  froxon 
in  a  mixture  of  lactoae  5%,  albumin  24%. 

Survival 

Survival  la  defined  aa  the  amount  of  radioactivity  of  Cr^^  tagged  red  cella 
remaining  In  circulation  24  houra  after  tranafuaion,  expreeaed  In  percent  of  the 
100%  level  calculated  aa  prevloualy  deacrlbed. 
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Forty-£ivc  autotrancfusions  of  snail  quantities  of  blood  have  been  slven  t^ 
detcrnlnc  the  survival  of  frozen-thaved  red  cells;  seventeen  autotrans fusions  verc 
carried  out  \7lth  blood  frozen  In  laetal  containers,  using  various  tet^peraturos  of 
cooling  and  various  concentrations  of  additives.  The  results  of  these  prellnlnary 
expcrliaents  can  be  sucxiarlzcd  ns  follows:  11  units  of  blood  were  frozen  with  the 
aid  of  157.  lactose  followed  by  247.  albunln,  with  an  average  recovery  of  92.5%  and 
a  survival  of  54.8%.  Using  20%  dextran  in  place  of  albunln  the  recovery  averaged 
95.5%  and  the  survival  51.9%  in  six  cases. 

Using  the  experience  obtained  by  these  studies,  later  experloents  were  carried 
out  with  a  ciore  unlfom  technique  enploylng  Teflon  bags  10  X  30  cu. ,  without  agita¬ 
tion  of  the  oaterlal  being  frozen,  but  oalntalnlng  the  cooling  and  warning  fluids 
In  notion. 

Lactose  followed  by  dextran.  Plasna  was  renoved  fron  ACD  blood  to  obtain  an 
hcnatocrlt  averaging  80%;  5  to  15%  lactose  solution  was  added  in  equal  voliioet  to 
the  packed  red  cells,  the  supernatant  was  retaoved  after  five  ninutes,  obtaining  an 
henatocrit  averaging  78%.  Twenty  percent  low  nolecular  weight  dextran  was  added. 

The  acxmnt  of  blood  frozen  averaged  50  nl.,  the  resulting  thickness  of  the  layer  of 
blood  was  Irregular.  The  tenperature  of  freezing  varied  between  -72*C.  and  -100*C. 
After  thawing  the  resulting  suspension  of  red  cells  was  autotrans fused  without 
further  nodlflcatlon  and  within  one  hour  of  thawing. 

All  recipients  were  young,  healthy  nales,  with  a  single  feoale  recipient; 
results  are  shown  In  Table  IV.  It  will  be  noted  that  the  recovery  averaged  1.44% 
less  than  reported  In  Table  I;  this  la  due  to  the  fact  that  freezing  of  all  but  one 
spcclnen  In  this  aeries  (iS^lOG)  was  carried  out  with  Teflon  bags  without  "channelling” 
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Under  these  conditions  tht:  thickness  of  the  layers  of  blood  is  uuch  oore  Irregular, 
and  optiual  cooling  and  waruing  velocities  arc  not  obtained  unifomly. 

Variations  in  the  initial  concentrations  of  lactose  (5-15%)  are  reflected  in 
the  final  concentration  of  the  suspension  used  for  transfusion. 

Lactose  followed  by  albunin.  Four  units  of  blood  were  frozen  and  thav;ed  by  the 
sane  technique  as  the  experioent  with  dextran  but  247.  albuain  was  used  in  place  of 
the  dextran.  The  teaperature  of  the  cooling  bath  varied  from  -70  to  -95*C.  Results 
are  shown  in  Table  V;  the  survival  rate  appears  to  be  significantly  below  that 
obtained  with  the  use  of  dextran. 

Survival  of  frozen  red  cells  following  the  first  twenty-four  hour  loss.  The 
survival  in  circulation  of  red  cells  following  the  initial  24  hour  loss  was  investi¬ 
gated  in  14  autotransfusions  of  frozen  red  cells.  The  results  are  shown  in  Table  VI. 
Variations  on  the  nean  recovery  and  uean  survival  of  cases  shown  in  Table  VI  couparei' 
to  those  in  Table  IV  ore  due  to  the  fact  that  the  procedure  for  freezing  and  thawing 
used  in  the  cases  reported  in  Table  VI  varldd  in  details  froD  that  used  to  obtain 
the  data  of  Table  IV. 

Freezing  with  addition  of  albuain  or  dextran  alone.  It  was  previously  found 
(3)  that  the  use  of  albuain  alone  as  an  additive  for  freezing  of  blood  resulted  in 
a  survival  definitely  below  that  obtained  when  the  red  cells  were  first  nodified 
with  the  use  of  lactose  followed  by  freezing  with  olbunin.  Three  units  of  blood 
were  frozen  with  the  addition  of  albuain  alone  end  two  were  frozen  with  the  aid  of 
dextran  alone.  The  results  shown  in  Table  VII  indicate  that  the  survival  of  red 
cells  frozen  with  the  aid  of  albuain  preceded  by  uodification  with  lactose  is  signi¬ 
ficantly  better  than  the  survival  of  red  cells  frozen  with  addition  of  albuain  alone; 
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clextran  used  alone  results  In  a  survival  considerably  below  that  obtained  with 
dextran  preceded  by  riodification  with  lactose. 

Lactoso-dextran  aixturc  and  ap.arent  cotipetitive  effect  of  lactose  and  albuain. 
Good  recovery  but  poor  survival  is  obtained  when  lactose  and  dextran  are  uixed 
together  before  the  packed  red  cells  are  added.  In  a  typical  experioent  a  solution 
containins  57.  lactose  and  207.  dextran  was  prepared  and  then  to  this  solution  packed 
red  cells  were  added.  Freezing  was  obtained  in  a  Teflon  bag  at  -91*C.;  the  recovery 
was  96.1  but  the  survival  was  only  23.1%. 

Stability  of  Frozen  Red  Cello  a.!tor  Thowinf.  and  Rssuspension 

The  stability  of  nine  units  of  red  cells  subjected  to  freezing  and  thawing 
with  lactose  and  dextran  (sec  Table  1)  was  studied.  Itxscdiately  after  thawing  each 
unit  of  red  cells  was  divided  in  three  aliquots,  and  treated  ao  follows:  1)  allowed 
to  renaln  undisturbed  in  the  lactosc-dextran  solution;  2)  resuspended  in  own  plasna, 
in  proportion  of  1.9;  3)  resuspended  in  saline  solution  in  proportion  1:9.  The 
high  dilution  was  chosen  to  sinulatc  the  dilution  effect  of  a  transfusion  in  a 
75  kg.  nan.  Detemination  of  the  total  and  free  heuoglobin,  red  cell  count, 
henatocrit  and  recovery  were  carried  out  Irsnediately  after  rosuspension  and  24  hours 
after  storage.  Results  are  shown  in  Table  VIII. 

The  frozen  thawed  red  cells  are  relatively  stable  when  left  in  the  original 
additive  —  thus,  with  an  imediate  recovery  of  98.5%  (all  losses  included) , the 
average  recovery  at  24  hours  was  97.4%  (S.O.  0.088)  representing  an  additional  loss 
of  1.1%  (U.D.  0.2).  Rosuspension  in  autoplasna  of  red  cells  with  the  sane  post 
freezing  recovery  of  98.5%  resulted  in  an  lusedlatc  nean  recovery  of  87.8%  (S.D.  0.82-^ 
and  a  24  hour  recovery  of  80.6%  (S.D.  2.1).  With  saline  solution  resuspsnsion  of  th« 
saoe  red  cells  the  lixicdiotc  recovery  was  77.7%  (S.D.  1.3)  and  at  24  hours  71.7% 

(S.D.  2.3). 
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Retutpenslon  In  neutral  citrate,  low  dextrose  solution*  resulted  In  an  lomedlate 
recovery  of  96.8%,  the  recovery  ionedlately  after  freosing  and  thawing  being  97.64%. 
At  24  hours  the  recovery  of  resuspended  cells  was  82.1%. 

Mo  relationship  was  found  between  recovery  after  resuspenslon  in  plastna  and 
survival  post transfusion. 

Dloenslonal  Changes  of  Frosen  Red  Cells 

Dimensional  changes,  expressed  as  M.C.V.  have  been  reported  In  Tables  I  to  V. 

The  variations  In  the  mean  diameter  of  red  cells,  when  modified  with  lactose  snd 
frosen  with  20%  dextran,  la  shown  In  Figure  2.  The  mean  diameter  of  the  frosen, 
thawed  red  cells  (5.9  micro)  Is  considerably  below  that  of  the  fresh  ACD  cells 
(7.1  mlcra);  the  aspect  of  the  frosen  red  cells,  smeared  and  stained,  la  similar  to 
that  of  the  ACD  cells,  but  the  frosen  red  cells  showed  a  wider  range  of  diameter. 

The  use  of  the  Coulter  "Particle  Slse  Distribution  Plotter"  was  attSEopted,  but 
the  apparatus  requires  resuspenslon  of  frosen  cells  In  saline  or  Eagle  solution. 

In  both  of  which  the  stability  of  frosen  red  cells  Is  poor;  the  apparatus  cannot 
distinguish  well  preserved  cells  from  ghosts. 


*  This  solution  Is  used  essentially  for  preparation  of  red  cell  suspensions  and 


washing  of  red  cells: 

Trisodlum  citrate,  dlhydrate  30.0  gm. 

Citric  acid,  monohydrate  0.050  gm. 

Dextrose,  anhydrous  1,0  gm. 

Water  to  1000  ml. 

pH  after  steam  sterilisation  7.0 
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Uicroscopically,  the  lactose  treated  cells  are  unifonnly  reduced  in  size,  about 
one-third  showing  variably  increased  crenation  and  soine  being  toorc  definitely  sphero¬ 
cytic. 

Addition  of  dextran  shows  conpletc  disappearance  of  cronation,  the  cells  renain- 
ing  srjallcr  than  nornal  but  inostly  with  visible  central  depression.  About  ten  percent 
appear  "cup"  shaped  and  a  slnilar  nunber  arc  "drop"  shaped. 

Cells  treated  with  lactose  followed  by  albumin  have  a  more  uniform  biconcave 
appearance  than  those  trea  ..J  with  lactose  follot/cd  by  dextran. 

P.csuspension  in  plasma  shows  appearance  of  five  to  tun  percent  of  large  spher¬ 
oidal  forms  and  a  few  ghosts.  Very  few  crenated  forms  remsln,  Resuspension  in 
saline  shows  more  uniform  population,  with  fewer  of  the  macrocytic  forms. 

VThen  the  aspect  of  red  cells  frozen  and  thawed  is  compared  with  red  cells  stored 
in  ACD  for  several  days,  the  significance  of  these  changes  is  minimized,  since  the 
appearance  of  ACD  stored  red  cells  is  very  heterogeneous.  There  appears  to  be  no 
significant  relationship  between  survival  and  morphological  changes  revealed  by 
microscopy  of  stained  sp„cciLV2ns, 

Effect  of  the  M.C.V.  bf  Prozoti  Cells  on  Survival 

The  effect  of  the  M.C.V.  of  red  cells  on  their  posttransfusion  survival  has 
previously  been  discussed.  It  was  found  that  che  effect  was  related  to  the  nature 
of  the  mechanism  producing  the  reduction  of  the  M.C.V.  (3). 
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The  present  studies  indicate  tliat  optimal  survival  is  obtained  with  a  M.C.V.  of 
less  than  100;  lover  values  of  the  M.C.V.  are  not  necessarily  related  to  improved 
recovery  or  survival.  On  the  other  hand,  M.C.V.  exceeding  100  is  generally  accompani^  t 
by  lowered  recovery  and  survival  (Figure  3). 

O2  Dissociation  Curve 

Ue  have  observed  that  the  oxygen  equilibrium  curve  of  one  day  old  blood  (in  ACH)) 
was  nearly  identical  with  that  of  fresh  heparinited  blood,  when  corrected  in  respect 
to  pH.  With  storage  there  was  a  definite  shift  to  the  left  in  outdated  ACD  blood. 

ACD  cells  in  fresh  heparinized  plasma  and  fresh  heparinized  cells  suspended  in  ACD 
plasma,  when  corrected  in  respect  to  pH  gave  values  which  fell  on  the  "normal"  curve. 

Figure  4  shows  tliat  red  cells  submitted  to  freezing  and  thawing  with  lactose 
followed  by  doxtran  behave  more  like  20  day  old  ACD  blood  than  fresh  heparinized 
blood.  Further  studies  are  in  progrsss. 

(kwlinx  and  Warming  Velocities 

Definitive  conclusions  concerning  the  optimal  cooling  and  warming  velocities 
have  not  been  reached,  due  to  the  numerous  changes  in  the  technique.  It  appears 
from  the  work  so  far  done  that  very  fast  cooling,  as  obtained  with  liquid  N2.  with 
the  small  volumes  of  blood  used  results  in  recovery  and  survival  less  satisfactory 
chan  obtained  with  slower  rates  of  cooling. 

Fairly  satisfactory  results  have  been  obtained  with  cooling  rates  between  7  and 
8*C. /second  and  the  warming  rates  of  5  to  6*C. /second.  These  figures  cannot  bo 
considered  optimal;  the  cooling  velocity  has  been  measured  between  -4  and  -40*C.  and 
the  warming  velocities  between  -40  and  0*C.  Figure  5  shows  a  typical  tempersture 
curve  obtained  from  the  middle  channel  of  three  channels  of  a  Teflon  bag  during 
freezing  and  thawing  of  50  ml.  of  blood,  resulting  in  optisial  recovery. 
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Effect  of  Addition  of  Dextrfn  ..  /»Mur..'n  on  the  Viscosity  of  the  Blood  ar»d  on 

the  Sedtmentatton  Rate  of  Red  Cells 

Resuspension  of  packed  ACD  red  cells  in  dextran  and  albumin  solutions  in 
saline  greatly  increases  the  viscosity.  (Figure  6). 

Thus,  the  relative  viscosity  of  ACD  blood  with  an  hematocrit  of  32.7  \’as 
2.3  centistokes;  when  the  red  cells  wore  suspended  in  207.  dextran  with  the  same 
hematocrit,  the  relative  viscosity  was  14. A  centistokes.  Likewise,  the  relative 
viscosity  of  ACD  blood  with  an  henvitocrit  of  30.5  was  2.2  centistokes;  when  the 
red  cells  were  suspended  in  2A7,  albumin  with  the  same  hematocrit,  the  relative 
viscosity  was  5.7  centistokes. 

The  rate  of  sedimentation  of  fresh  red  cells  in  ACD  solution  is  7  mm./hour. 

When  packed  red  cells  with  an  hematocrit  of  80  arc  rcsuspcndcd  in  solutions  of 
albumin  of  3  to  2A7.  or  di.xtrrn  of  S  to  207.,  the  rate  of  sedimentation  is  1.2  imn./ 
hour.  The  same  rate  of  scd'mci.ta*  on  of  red  cells  s  obtained  when  packed  red  cells 
ore  si.spcndcd  in  saline  solution.  In  each  instance,  the  retardatiou  of  sedimentaion 
of  red  cells  is  due  to  thv  laol.  of  plasma  globulins,  essentially  of  fibrinogen. 

Agglut inability  of  Frozen  Red  Cells 

The  results  of  the  standard  egg lut inability  test,  which  included  red  cells 
Rh  positive,  A2  Rh  positive  and  two  samples  of  0  positive  Rh  cells  indicated  no 
difference  between  the  frozen  red  cells  and  the  control  red  cells.  The  study  twde 
with  the  "Autotechnicon"  apparatus  showed  slight  decrease  between  frozen  and  control 
red  colls. 

The  controls  used  with  the  autotechnicon  studies  included  pure  albumin 
solutions  versus  a  mixture  of  cells  frozen  and  not  frozen  (see  Table  IX). 
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DISCUSSION 

In  assessing  the  possible  benefits  of  any  attempt  to  improve  red  cell 
preservation,  the  end  use  of  the  material  must  be  defined.  It  was  previously 
shown  that  the  simple  addition  of  lactose-dextran  mixtures  to  whole  blood  permits 
freezing-’,  and  storing  at  low  temperatures  for  a  period  of  at  least  three  years, 
with  val  24  hours  posttransreslon  averaging  777.  of  the  original  amount  of 

red  cells  obtained  from  the  donor  (  2  ).  V.'hcn  large  quantities  of  such  red  cells 
need  be  transfused,  consideration  must  be  given  to  lactose  toxicity.  Tranrfus ions 
of  blood  stored  with  addition  of  lactose  have  shorm  that  15  gm.  of  lactose  ^..ven 
at  one  time  arc  entirely  well  tolerated  (11  );  not  much  is  known  about  the 
toxic' ty  of  lactose  in  man.  Hcv;cvcr,  removal  by  centrifugation  of  the  supernatant 
plasma- lacteso-dextran  soluti.cn  w_uld  permit  transfusion  cf  several  units  cf 
•  blood  thus  preserved.  Except  under  special  ccnditlcns,  this  simple  operatien  would 
net  entail  specialized  apparatus  or  a  great  deal  of  time. 

Tlicrc  arc,  however,  cciidltiono  in  which  it  would  be  desirable  to  trensfuso 
blood,  preserved  at  low  temperature,  without  need  of  any  preparation  other  than 
thev;lng.  Obviously,  this  would  apply  to  military  ned'.cine  and  to  any  form  cf 
massive  casualties. 

The  primary  purpose  of  the  prorent  study  x.’cs  t^  find  additives  which  have  a 
protective  effect  on  red  cells  <''ir  ng  the  process  cf  freezing  and  thawing  but  which 
arc  non-toxic  to  the  hur.vin,  the  final  goal  being  the  development  of  a  technique 
vAiich  would  permit  the  transfusion  of  frozen  blood  after  thavrlng  without  edd.ltidnal 
preparation^  or  would  yield  cells  which  after  thawing  could  be  resuspended  and 
stored  for  a  period  of  tine  with  conventional  refrigeration.  We  also  wished  to 
determine  the  relationship  bctvrcen  cell  size  expressed  as  M.C.V.  and  the  rate  of 
survival,  to  obtain  a  mctlK'd  for  in  vitro  screening. 
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Teflon  containers  v.’crc  final’;'  cl  oct  n  J^ccanse  of  the  sluplicity  of  technique, 
the  stability  of  the  material  and  the  uniformity  of  the  high  recovery  rote. 

We  did  not  fully  investigate  t’ac  stf.’oillty  of  the  frozen  red  cells  beyond 
24  hours;  the  stability  in  media  other  than  saline  solution  and  plasma;  the  effect 
of  the  cooling  and  warming  rates;  the  effect  of  shaking  during  freezing  and  thawing 
the  stability  of  the  red  colls  after  prolonged  storage  at  low  temperature. 

Results  Indicate  that  dc::tran,  and  to  a  lesser  extent  albumin,  possess  good 
protective  properties  for  red  cells,  and  that  the  red  cells  thus  processed  have 
fair  posttransfusion  survival  rate  and  have  an  oxygen  dissociated  curve  comparable 
to  stored  ACD  blood.  However,  it  would  appear  that  both  purified  human  albumin 
and  dextran  possess  such  properties  only  when  added  to  red  cells  which  have  been 
previously  modified  vrith  lactose.  It  remained  to  be  explained  vjhy  with  the  high 
rate  of  recovery  of  red  cells  frozen  and  thaxv^ed  'with  albumin  or  dextran  alone, 
the  posttransfusion  survival  slu  uld  be  poor.  (See  Table  VII)  Likewise,  it  is 
difficult  to  explain  wiiy  good  rec.  -  vVy  but  poor  survival  x-as  obtained  wlien  lactose 
and  dcxtrai!  vcrc  mixed  togel..  r  i-v.  r.'din'  thv  paclud  red  cells. 

Possible'  explanations  ee  tius  phenjnvnon  have  beer,  investigated.  In  one 
cxperir.icnt  red  cells  from  ACD  Mood  were  washed  throe  tiiK'S  with  ccld  saline  and 
then  submitted  to  the  effect  of  lactose,  followed  by  freezing  and  thawing  x;ith 
dextran.  Tlie  recovery  x;as  97.0  and  that  of  control  red  cells  from  the  sam.e  uiut 
jf  blood  treated  with  lactose  without  previous  vjashii.g  was  96.6.  H -wevor,  the 
M.C.V.  at  the  end  of  the  process  was  feum'  tc  be  CO  for  tl'.e  washed  red  cells  and 
92  fur  the  unwashed  control  cells.  This  suggested  that  the  presence  of  plasr« 
proteins  lessens  the  effectiveness  of  lactose  in  controlling  the  re-entry  of  water 
in  the  red  cells. 
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It  was  also  observed  that  red  cells  swell  more  when  resuspended  in  plasma  than 
^en  resuspended  In  salt  solution  after  thawing  (sec  T*ble  VIII),  This  phenomenon 
:ouId  be  attributed  to  a  change  of  the  cells* surface  induced  by  lactose,  which 
resulted  in  a  diminished  permeability  of  the  red  cells  to  water  after  thawing, 
this  effect  being  apparently  reduced  in  the  presence  of  albumin  and  of  dextran. 
rhe  increased  red  cell  size  in  turn  was  considered  os  decreasing  the  chances  for 
jurvival. 


Subsequent  experiments,  however,  led  us  to  consider  the  possibility  that  the 
liffercncea  noted  between  recovery  and  survival  might  simply  be  due  to  a  variable 
legrec  of  stability  of  the  chromium  'rag  in  the  presence  of  various  additives.  In 
I  typical  experiment  pacicod  red  ceils  from  ACD  blood  were  tagged  with  Cr^^,  treated 
/ith  lactose  followed  by  dextran  and  then  submitted  to  the  standard  procedure  of 
jrcezing  and  thawing.  Tlio  red  cells  were  then  twice  washed  with  cold  neutral  citrate 
iolution  and  resuspended  V7ith  the  same  solution.  The  hemoglobin  of  thq  original 
:agged  red  cells,  before  additives,  freezing  and  thawing,  had  a  specific  activity 
)f  4,500,865  counts/1  gram  of  hemoglobin.  The  hemoglobin  of  the  aupernatant  after 
■esuspension  in  neutral  citrate  dextrose  solution  had  a  specific  activity  of 
1,185,900/1  gro.  of  hemoglobin,  indicating  the  probable  presence  of  free  chromium. 


In  a  similar  experiment  Cr^^  ves  e'rricd  out  on  the  packed  rod  cells 

ibtalned  after  freezing  and  thawing,  but  before  washing.  After  washing  the  loss  of 
icmoglobin  of  the  intact  red  cells  averaged  12. 8Z;  the  radioactivity  loss  was  24.3)L. 
ji  in  vivo  experiment  was  set  up  to  simulate  the  results  of  the  in  vitro  study.  The 
cd  colls  wore  frozen  and  thav;ed  using  lactose  followed  by  dextran  exactly  os  the 
OSes  reported  on  Table  IV,  except  that  tagging  of  red  colls  was  done  after  freezing 
nd  thawing.  The  recovery  was  96.15%;  the  survival  was  only  43,  or  nearly  5  S.D.  less 


hoh  the  mean  obtained  t;hen  tagging  was  done  on  the  packed  ACD  red  cells  before  freezii^" 


nd  that;ing. 
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Tliufle  results  suos^st  the  necessity  to  rc-cveluate  the  posttrans fusion  survival 

'  i 

by  0  technique  other  than  the  Cr^^  tagging.  Preliminary  studies  Indicate  that  the 
nonagglutlnablc  red  cell  method  using  an  automatic  apparatus  is  well  applicable  to 
transfusions  from  100  ml.  to  500  ml.  These  studies  arc  under  way. 


SUMMARY 

Dextran  and  albumin  exert  a  protective  action  for  red  cells  during  freezing  and 
thawing,  with  a  recovery  rate  of  53.5  and  98.57  respectively.  A  mean  survival  of 
65.14o£  red  cells  was  obtained  24  hours  posttransfusion  when  the  red  cells  ware 
previously  treated  with  lactose. 

Tlicrc  Is  evidence  that  under  the  experimental  conditions,  the  Cr^^  tag  Is  labile 
'i  ,  '-f.cfuni'jn  survival  neo-’r  tc  be  I  ;L«r;;l  d  by  other  methods,  such  as  the 

nonagglutlnablc  cell  technique. 


-23- 


1.  Struinla,  M.  M. ,  Colucll,  L.S.,  end  Strumia,  P.V. :  The  preservetion  of  blood 
for  transfusion.  IV.  In  vitro  recovery  after  freezing  and  thowlng  of  the 
red  cello  modified  vlth  sugars.  J.  Lcb.  Clin.  Med.  56:576,  I960. 

2.  Strumin,  K.M. ,  Colwell,  L.S.,  and  Strumia,  P.V. :  The  preservation  of  blood 
for  transfusion.  V.  Posttransfusion  survival  of  red  cells  modified  ^rith 
sugars  and  stored  In  the  frozen  state.  J.  Lob.  Clin.  I'.d.  56:587,  1960. 

3.  Proceedings  of  the  5th  Congress  of  thf  Internet.  Soc.  of  Blood  Trans. , 

Mexico  City,  1962.  S.  Karger,  N.Y.  In  publicotlon. 

4.  Strumia,  M.M. :  Practical  aspects  of  the  problem  of  blood  preservation  for 
the  purpose  of  transfusion  in:  Progress  in  Hcniatology,  L.M.  Tocontir.c,  Ed., 
Grune  and  Stratton,  New  York,  p.  157,  1959. 

5.  Cowley,  C.W.,  Tlmson,  U.J.,  and  Savldgc,  J.A.:  U’ tra  rapid  cooling  techniques 
In  the  freezing  of  biological  matcrlols.  Biodyncnica,  C:317,  1961. 

6.  Creditor,  M.C.;  TIic  quantitative  determination  of  plasma  hemoglobin  by  the 
benzidine  reaction.  J.  Lab.  Clin.  Med.  41:307,  1953. 

7.  Strumia,  M.M.,  Sample,  A.B.  and  Hart,  E.D.:  An  improved  micro  hematocrit 
method.  Am.  J.  Clin.  Path.  24:1016,  1954. 

8.  Strumia,  M.M. ,  Colwell,  L.S.,  and  Dugan,  A.:  The  measure  of  crythropoiesis 

in  anemia.  I.  The  mixing  tine  and  the  iciacdlatc  pcsttr^  nsfuslon  disappearance 
of  T-1824  dye  and  of  Cr^^  togged  erythrocytes  in  relation  to  blood  volume 
determination.  Blood,  8:128,  1950. 

9.  Strumia,  K.M. ,  and  Phillips,  M. :  Effect  of  red  coll  factors  on  the  relative 
viscosity  of  whole  blood.  Am.  J.  Clin.  Path.  39:464,  1963. 


24 


10.  Cutler,  J.W.:  A  standardized  technique  for  sedinentation  rate.  J.  Lob.  Clin. 
Med.,  26:542,  1940. 

11.  Strucia,  M.M.,  McGrau,  J.J»,  Dolan,  M. ,  and  Colwell,  L.S.:  Effect  of  sugars 
on  crythrocyten  preserved  at  0*  to  -3*C.  Proc.  Soc.  Exp.  Biol.  Med.,  75:675, 


1950 


trtl*  1.  IMOVCI7  of  rod  colls  ofter  wdlflcotloo  with  locCoso. 
froosiac  «od  thovlos  with  tho  old  of  doxtron. 


Tabu  H.  Sacovery  of  red  cell*  after  modification  with  lactose 
and  freexlng  and  thawing  with  the  eld  of  albumin. 


5%  LACTOSE 
20Z  DEXTRAM 

ADDED _  RESULTS  AFTER  FREEZING  AND  THAWING 


lactose  and  dextran. 


F  -  T  ■  Freezing  and  thavlng 
LacCoae  ■  X  Lactose  In  supernatant 
Dextran  ■  X  Dextran  In  supernatant 

Table  IV.  Recovery  and  sutvlval  of  12  units  of  red  cells  frozen  with  the  aid 
l«€tose  followed  by  the  addition  of  dextran  and  autotrans fused. 


Table  VI.  Recovery,  24  hour  survival  and  T  1/2  of  frozen 
red  cells,  transfused. 
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Table  VII.  Effect  of  freezing  of  blood  with  albumin 
dextran  alone  on  recovery  and  survival. 
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Table  IX.  Agglutlnablllt/  of  frozen  and  not  frozen  control  cells 
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